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Polar	 ice	cores	provide	 important	records	of	palaeovolcanism	that	are	critical	 for	evaluating	the	role	of	




eruptions,	 and	 the	 potential	 to	 examine	 the	 likely	 palaeoenvironmental	 impacts	 of	 the	 eruptions	 is	











sampling	 strategies	 employed	 to	 each	 of	 the	 intervals	 (continuous	 sampling	 of	 Last	 Glacial	 ice	 versus	










in	 Greenland	 ice	 cores	 raises	 the	 possibility	 that	 major	 element	 data	 alone	 may	 be	 insufficient	 to	
discriminate	tephras	from	different	volcanic	regions	that	share	similar	major	element	compositions.		
	
Here	 we	 attempt	 to	 verify	 the	 source	 of	 selected	 Greenland	 tephras	 by	 analysing	 their	 trace	 element	
compositions	 using	 laser	 ablation	 inductively	 coupled	 plasma‐mass	 spectrometry	 (LA‐ICP‐MS).	 We	
highlight	the	difficulties	of	obtaining	successful	datasets	on	sparse,	fine	tephra	shards,	and	demonstrate	the	






We	 selected	 three	 ice	 core	 tephra	 samples	whose	major	 element	 geochemistries	 have	 previously	 been	
analysed	 by	 electron	 probe	micro‐analysis	 (EPMA)	 and	 for	which	 either	 reference	 sample	material	 or	










Table	1.	 Ice	 core	 and	 comparative	 samples	 selected	 for	 LA‐ICP‐MS	 analysis.	 *Age	 based	 on	NS1‐2011	
timescale	(Sigl	et	al.	2015)	**Age	based	on	GICC05	chronology	(Vinther	et	al.	2006)	
	 Age Sample	origin Suspected	source/correlation	
ICE	CORE	SAMPLES	
QUB‐1819	 946‐7	CE*	 NEEM‐2011‐S1,	Greenland Millennium	Eruption	(Changbaishan)	
QUB‐1528	 853±1	CE*	 NGRIP,	Greenland AD860B/WRAe	(Mount	Churchill)





K02017	 	 Changbaishan crater Millennium	Eruption	(Changbaishan)	
K02065	 	 Changbaishan crater Millennium	Eruption	(Changbaishan)	




















prior	 to	 EPMA.	 The	 same	mounts	were	 used	 for	 trace	 element	 analyses,	 but	 slide	 co‐ordinates	 for	 the	
analysed	shards	were	not	available	to	allow	the	same	shards	to	be	analysed	for	their	trace	composition.	LA‐
ICP‐MS	analysis	on	single	shards	was	performed	using	a	Coherent	GeoLas	193‐nm	Excimer	laser	with	a	
























by	 a	 similar	 amount.	 The	 results	 indicate	 particles	 that	 are	 clearly	 less	 evolved	 than	 the	 Millennium	
Eruption	reference	samples,	and	the	analysed	material	is	evidently	not	from	this	source.	The	trace	element	
composition	 is	 transitional	 with	 adakite‐like	 characteristics	 (Castillo	 2012),	 suggesting	 an	 origin	 at	 a	
subduction	 zone.	 Comparable	 trace	 element	 compositions	 have	 been	 reported	 for	 Japanese	 tephras	
(Marayama	et	al.,	2016),	some	of	whom	have	major	element	geochemistries	similar	to	QUB‐1819c	(SiO2	
>76	wt%,	FeO	and	CaO	<	1	wt	%).	In	view	of	these	data,	we	tentatively	suggest	that	a	second	eruption	coeval	























targets,	 possibly	 due	 to	 the	 small	 size	 and	 vesicular	 nature	 of	 these	 shards,	 and	 other	 analyses	 were	






the	 rastered	 beam	 used	 during	major	 element	 analysis	 was	 evident	 (Fig.	 3).	 In	 total,	 21	 targets	 were	
analysed	 from	 QUB‐1528,	 of	 which	 only	 three	 yielded	 results	 that	 were	 considered	 acceptable.	
































Our	 trace	element	results	do	not	provide	support	 for	the	correlation	of	QUB‐1819	with	 the	Millennium	
Eruption	 of	 Tianchi.	 We	 do	 not,	 however,	 reject	 this	 correlation	 as	 the	 major	 element	 data	 provide	






LA‐ICP‐MS	 were	 obliterated,	 and	 we	 are	 therefore	 unable	 to	 determine	 if	 this	 component	 is	
morphologically	distinct	in	any	way	that	would	have	made	it	more	prominent	during	LA‐ICP‐MS	analysis.	
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